Objective To analyse the prevalence and intensity of smoking among pregnant women and their partners, and factors associated with quitting smoking among pregnant women.
Introduction
Exposure to maternal and paternal smoking during pregnancy, a major public health problem, is one of the most prevalent, yet modifiable, risk factors associated with poor obstetric and perinatal outcomes. [1] [2] [3] [4] [5] Exposure to nicotine in utero is linked to epigenetic changes associated with chronic diseases of the fetus. It is therefore important for women to quit smoking during pregnancy. [1] [2] [3] [4] [5] [6] [7] In the majority of the epidemiological studies performed, a large percentage of pregnant women under-report their tobacco exposure. 8 Although the rate of smoking in developed countries is decreasing, 1,9 the prevalence of smoking among Spanish women aged 25-44 years remains high at 28.3% in 2011. 10 At some time during pregnancy 9-27% of women smoke, 1, 9, 11, 12 but encouragingly a high proportion of smokers appear to quit at the beginning of the pregnancy. 13, 14 Many factors have been associated with smoking during pregnancy. 8, 9, 15, 16 Researchers have studied both active and passive smoking during pregnancy, and changes in smoking habits during pregnancy, using cross-sectional or prospective studies that compared changes between the pre-gestational stage and specific gestational periods. 9, 12, 16 Also, the role of partners is an important but underresearched determinant of smoking in pregnancy. 14, 17 There is evidence that partner smoking affects the offspring, leading to small for gestational age, fetal deaths, and birth defects. 4, 18 Moreover, the prevalence of tobacco use among partners and smoking cessation of the partners is rarely considered. [19] [20] [21] To our knowledge, no studies have shed light on active smoking and passive smoking habits throughout the three trimesters of pregnancy.
Therefore, we undertook a robust study to determine the prevalence and intensity of smoking in pregnant women and their partners, including changes in their smoking habits throughout pregnancy and factors associated with quitting.
Methods
We conducted a prospective cohort study in the Granada, Ja en, Huelva, and Sevilla provinces of Andalusia, southern Spain, after obtaining ethical committee approval (Biomedical Research Provincial Ethical Committee, code C- . The reference population constituted pregnant women who followed up their pregnancies at Andalusian public health centres. Women were recruited from 2013 to 2015. Pregnant women at the Andalusia Health Service who were attended by any of the midwives voluntarily participating in data collection were invited to participate. Inclusion criteria were: (1) having booked for antenatal care before 13 weeks of gestation; (2) having the intention to continue with the pregnancy; (3) singleton pregnancy; and (4) having signed inform consent. Exclusion criteria were: (1) having previous diseases that altered diet or physical activity (such as diabetes, hypertension, moderate or severe heart failure, respiratory failure, kidney or liver disease, and neurological or musculoskeletal diseases influencing mobility); (2) having language or cognitive barriers; (3) multiple pregnancy.
Data collection
Data were collected in three stages, starting at the first pregnancy visit before 13 weeks of gestation, and then at 24 AE 2 weeks of gestation and again at 32 weeks of gestation using a face-to-face or telephone interview with the same ad-hoc questionnaire. According to the women's availability, the interviews were conducted face to face (37.5% of interviews) in the primary health centres, mainly in the morning, or by telephone.
The following sociodemographic variables were collected: age; nationality (Spanish or non-Spanish); educational level (primary, secondary, or university); paid work (yes or no); and socio-economic class (taking into account the occupation of the women and their partners, and considering the higher level of occupation for the couple). Socio-economic class was defined by five categories according to the Working Group of the Spanish Society of Epidemiology (I-V). 22 The following anthropometric variables were collected: height (m) and weight before pregnancy (kg).
Lifestyle variables were also collected. Smoking habits, including information about the pregnant woman and her current partner [current smoker, recent ex-smoker (<6 months), old ex-smoker (6 months or more), and never smokers] were recorded. For smokers, the number of cigarettes smoked and, in the case of former smokers, the time since quitting smoking and the reason for quitting (pregnancy or other) were noted. We considered passive smokers to be women who have never smoked or former smokers who live with at least one current smoker. The consumption of alcoholic drinks (yes or no) at the time that the interview was carried out and since the date of confirmation of pregnancy was also recorded. 3.c) Adherence to a Mediterranean diet, according to the PRE-DIMED questionnaire, was categorised as poor (a score of <9) or good (a score of >8). 23 Physical activity was assessed using the short International Physical Activity Questionnaire (IPAQ, which divides the subjects into three levels of activity: mild, moderate, or intense). Active women are those with moderate or intense activity levels, and inactive women are those with lower levels of physical activity. 24 Other variables recorded included: number of pregnancies, miscarriage, previous deliveries, and living children.
Data analysis
We calculated the absolute and relative frequencies of qualitative variables, and the mean, standard deviation (SD), and range for quantitative variables. For each trimester, we calculated the point prevalence and 95% confidence interval (95% CI) of active smoking, passive smoking, quitting, or relapsing among pregnant women as well as their partners. To compare proportions and means of the sample stratified by smokers, recent quitters, and non-smokers, we have applied the chi-square test and the Student's t-test.
The McNemar t-test was applied to compare the prevalence in pre-gestational versus first trimester, first versus second trimester, and second versus third trimester. P < 0.05 was considered statistically significant.
To analyse the influence of independent variables on women quitting smoking, we estimated the crude and adjusted odds ratios (OR and aOR) and 95% CIs using multivariable logistic regression models. We achieved two multivariable models. Model 1 was adjusted by variables with P < 0.05 in the univariate analysis: age, previous miscarriage, smoking partner during the first trimester, and index of adherence to a Mediterranean diet in the first trimester. Model 2 was adjusted for age, social class, maternal education, employment status, previous miscarriage, number of cigarettes/day for smokers and ex-smokers, body mass index, physical activity, adherence to a Mediterranean diet, and smoking habits of the partner. Concerning logistic regression, with over 100 women quitting smoking during pregnancy we had the sample power to build a multivariable model considering between eight and ten events per variable rule employed for model stability. [25] [26] [27] [28] Statistical analyses were performed using SPSS 20 and STATA 13.00 statistical packages.
Results
A total of 518 Spanish pregnant women met the inclusion criteria and agreed to participate. In the second interview, we excluded 32 pregnant women for termination of pregnancy, whereas 50 women were lost to follow-up. In the third interview, two women were lost as a result of stillbirth after 24 weeks of gestation. Another 31 women were lost from the study, 12 as a result of preterm births. By contrast, 26 pregnant women who were lost during the second interview were followed-up in the third interview. Therefore, we have considered 463 women for the final analysis, as shown in Figure S1 .
General characteristics of the pregnant women included in the cohort study
The basic characteristics and comparison of the three groups of pregnant women, smokers, non-smokers and those who quitted smoking are presented in Table 1 . There were no notable differences between the women included in the study and those excluded or lost to follow-up (data not shown). In the sample studied, the average age was 31.24 years (SD 4.87 years; median 32 years; range 16-47 years). The majority of women were Spanish, with secondary or university education, and were employed. Half of the women had no previous children, and a quarter had a history of miscarriage. Only 14.04% of the sample reported smoking during the first trimester, with an average consumption of 8.71 cigarettes per day (SD 6.46 cigarettes). The mean age of starting smoking was 16.16 years (SD 2.41 years; median 16 years; range 8-22 years). Alcohol consumption was rarely reported. In early pregnancy, the average body mass index (BMI) was 24.47 kg/m 2 (SD 4.24 kg/m 2 ); 27.82% of women were classified as overweight, whereas 9.78% were classified as obese. With regards to the partners of the included women, 36.07% were current smokers with an average consumption of 11.61 cigarettes per day (SD 7.33 cigarettes), and most of them consumed alcohol. The average score of for adherence to a Mediterranean diet was 7.70 (SD 1.92; a score of 9 or more signifies good adherence). Just over half (51.83%) of pregnant women were classified as physically inactive during the first interview.
Change in smoking habits during pregnancy Table 2 shows the change in smoking habits for the mothers and their partners during pregnancy. During the 6 months prior to the first interview (maximum gestational age of 13 weeks), 102 out of 167 women who smoked had quitted smoking (61.07%), which was mainly attributed to pregnancy (99.02% of quitters). The percentage of smokers continued to decline during the second trimester, but remained stable during the third trimester. Some quitters relapsed, however: ten (10.1%; 95% CI 4.1-16.1%) in the second trimester and seven (7.4%; 95% CI 1.4-11.4%) in the third trimester. There was a minimal decrease in the frequency of smoking among the partners: 38.44% before pregnancy; 36.07% at first trimester (P = 0.227); 32.72% at second trimester; and 31.85% at third trimester, with statistical differences between before pregnancy and second trimester (P = 0.036) and third trimester (P = 0.019), but not between each trimester and the following trimester. Maternal passive smoking was not modified significantly ( Table 2) .
The average daily consumption of cigarettes also decreased throughout pregnancy. As seen in Figure S2 , there was a statistically significant decrease in the consumption of cigarettes (P < 0.001) among pregnant women during the second trimester; however, there was only a minimal decrease in smoking among the partners. For both women and their partners, a surge of increased consumption was observed during the third trimester. This stayed below the first-trimester consumption for the pregnant women but was slightly higher for the partners.
Factors associated with quitting smoking during pregnancy
A high proportion of pregnant women who stopped smoking -either during pregnancy planning or when pregnancy was confirmed -belong to the highest social and educational levels. Intensity of smoking, measured by the average consumption of cigarettes/day and age of starting smoking, was significantly higher for pregnant women who continued to smoke during pregnancy (Table 1 ).
In the unadjusted analysis, previous miscarriages (OR 0.49, 95% CI 0.26-0.96), having a smoking partner (OR 0.24, 95% CI 0.12-0.46), or being overweight (OR 0.46, 95% CI 0.22-0.97) were inversely associated with quitting smoking during pregnancy. On the other hand, pregnant women who demonstrated a greater adherence to a Mediterranean diet had higher odds to quit smoking (OR 1.37, 95% CI 1.14-1.64). To estimate the independent *P < 0.05; **P < 0.001; ***Three women missing data on BMI.
effect of these variables, we first adjusted for variables that had a significant association in the crude analysis (model 1). As seen in Table 3 , the model was adjusted for all potential confounding factors (model 2). A partner who continued to smoke (aOR 0.26, 95% CI 0.12-0.55) was a factor against quitting smoking in pregnancy, and adherence to a Mediterranean diet (aOR 1.40; 95% CI 1.12-1.73) was a favourable factor for quitting.
Discussion

Main findings
Based on our findings in a longitudinal cohort of Spanish pregnant women, around two out of three smokers quit tobacco during pregnancy. The smoking habits of the partners did not change during pregnancy, and this was one of the main factors associated with not quitting smoking. Moreover, more than 20% of the pregnant women remained passive smokers across pregnancy.
Strengths and limitations
The main strength of our study is its prospective design, with a cohort of pregnant women identified at first gestational visit (before 13 weeks of gestation). The information was collected at interviews carried out at three different points during pregnancy by the same person. That is expected to decrease information bias. Prior data are mostly cross-sectional or retrospective, with a single interview that might introduce recall bias. 9, 12, 29, 30 We also have an efficient follow-up rate. Of the 518 women in the initial sample, 32 women were excluded for early termination of pregnancy and 486 met the inclusion criteria. Only 23 women (4.7%) had no further interview. Accordingly, we have included 463 women that have any follow-up information in the analysis. Neither statistically nor clinically significant differences were found between the women included and the women lost from the study, however.
The study also had some weaknesses. The cohort was recruited at the first gestational visit. Therefore, information about the preconception period was collected retrospectively. This is a common drawback in all pregnancy-related studies, as it is not possible to define a cohort of pregnant women before pregnancy begins. Recall bias is a potential concern. External validity is also a concern. Our sample comes from several provinces in the south of Spain using public health system. It is not usual to attend only private medical service, and there is no reason to think that Spanish women are different than other European women.
The prevalence of smoking prior to pregnancy was 36.06%, which was similar to the mean rates reported by Smedberg et al. 31 in the estimation of smoking patterns in 15 European countries (35.3%), but was higher than that estimated for women of childbearing age in Spain or in the north of Spain.
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Interpretation
The prevalence of smoking during pregnancy was significantly lower than was found prior to the year 2000, 8, 15, 29 or in the years 2010-2011. 31 Our results are similar to most of the studies carried out recently, 1, 8, 9, 11, 32 excepting a study in Brazil that reported a higher prevalence of Table 2 . Change in smoking habits of the cohort during pregnancy Pre-gestational (n = 463)
First trimester (n = 463) Second trimester (n = 436) Third trimester (n = 428) *Including ten active smoker women that in said they gave up smoking in the last 6 months in the first trimester, but started again, and 44 active smokers in the second trimester. **Including 40 active smoker women from the second trimester, six women who started again, and five missing women from the second trimester (four active smokers and one quitter in less than the last 6 months). smoking, 33 and a Spanish study that stated a high prevalence of pre-gestational smoking and low rates of quitting during pregnancy. 12 The proportion of smokers dropped substantially to 14.00% during the first trimester of pregnancy. A further decline was observed throughout pregnancy as the percentage of smokers dropped to 11.92% by the end of pregnancy. Moreover, those who continued smoking decreased the intensity of smoking, although some relapses were observed. These findings are consistent with previous studies conducted in high-income countries. 8, [33] [34] [35] Most women who quit smoking did it spontaneously when planning for pregnancy or on knowing about their pregnancy, and only a few reported that they quitted smoking because of medical advice. This suggests a strong effect of the current health education programmes against smoking, which could be enhanced by structured clinical advice for women who continue to smoke.
Prior to pregnancy, the prevalence of partners who smoked was slightly higher than the prevalence of women who smoked, but in contrast to their female counterparts they did not quit smoking during the pregnancy. Whereas tobacco use in pregnancy has been vastly analysed, few studies present data about the prevalence of partners who smoke during pregnancy (15% in Minnesota, EE.UU 20 and 30% in Galicia, north of Spain 19 ), or on the prevalence of partners that quit smoking (8.5% in Barcelona, Spain; 29 11.1% in Ashford, UK, and in Barcelona and Menorca, Spain 36 ). Recently, from a qualitative point of view, Fleming et al. 17 focused on barriers and facilitators to smoking cessation experienced by women's partners. In our sample, the prevalence of partners who smoked was higher than in another Spanish study (30%), 19 and the prevalence of smoking in US partners (15%), 20 and was slightly higher than the prevalence of adult males who smoke in 15 EU countries (35.5%), such as France, Italy, UK, Denmark or Ireland. 37 In our study the strongest factor against quitting smoking during pregnancy was the smoking status of the partner. Only one prior study has reported on this association, 38 whereas others have reported that a women with a partner who smokes is negatively associated with quitting smoking during pregnancy, 36, 39, 40 or in contrast with tobacco consumption during pregnancy. 8, 14, 30 Finally, other authors have discovered that single women have the highest prevalence of tobacco consumption during pregnancy. 9, 15 Partners who quit smoking, which facilitates smoking cessation among pregnant women, has not In our study, we found a protective effect of adherence to a Mediterranean diet against maternal tobacco intake. In the unadjusted and adjusted models, the adherence to a Mediterranean diet increased the probability of quitting smoking during pregnancy. This is in line with previous research showing that smoking and a lack of exercise were associated with a lower adherence to a Mediterranean diet before pregnancy, 41 and that in the adult population, being a current smoker was associated with a lower adherence to a Mediterranean diet. 42 Finally, the prevalence of passive smoking was high (25.49%), which is mainly because of the high prevalence of smoking among pregnant women's partners. Among pregnant women whose partners are smokers, passive smoking reaches 65.27%. This figure is only of 3.04% when the partner is a former smoker or has never smoked (results not shown). There are few studies that have assessed passive smoking among pregnant women, and the reported figures range from 1.5 to 94%.
16,30
Conclusion
In conclusion, we observed a relatively high prevalence of tobacco use among pregnant women, despite efforts to decrease the rates of tobacco use in this population. Although many women stopped smoking because of pregnancy, about one in ten kept smoking and one in four or five remained passive smokers. Our results demonstrate that partners continue to smoke during pregnancy, and that having a partner who smokes is the strongest factor associated with maternal smoking across pregnancy. It is also the main source of passive exposure. These findings suggest that future interventions for reducing tobacco exposure during pregnancy should consider interventions that target partners who smoke. Specific groups of pregnant women, including overweight women and those with a history of miscarriage, should also be targeted.
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